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ABSTRACT 

This student booklet is one of a set of eight 
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PERIODIC TABLE 

(Based on C^^«12.0000; 1961 Atomic 
The atomic number is shown, above the symbol; 



Weights ) 

the atomic weight below. 



I A 



! 1 

; 1.01 


11 A 




Li 
} 6.94 


9.01 ■ 




11 
23.0 


Mg 
24.3 




19 

i 

I 3D.1 


20 
Ca 
40.1 


21 
Sc 
45.0 


i 37 
1 Rb 
1 8o.5 


38 
Sr 
87.6 


39 
Y 

8S.9 1 


55 
1 Cs 
132.9 


1 56 

! 137.3 

1 


57 
La 

133.9 


87 
Fr 
(223) 


tB 
Ra 
{226) 


89 
Ac 
(227) 





















III A 


IV A 


V A 


VI A 


VII A 


2 

He 
4,00 




















5 
B 
10.8 


6 
C 
12.0 


7 
N 
14.0 


8 
0 
16,0 


9 
F 

19.0 


10 
Ne 
20.2 




















13 
Al 
27.0 


14 
Si . 
28,1 


15 
P 
31,0 


16 
S 

32,1 


17 
CI 
35,5 


18 
Ar 
39,9 


22 
Ti 
47.9 


23 
V 
50.9 


24 
Cr 
52.0 


25 
Mn 
54.9 


26 
Fe . 
55.8 


27 
Co 
58.9 


28 

Ni 
58.7 


29 
Cu 
63.5 


30 
2n 
65.4 


31 
Ga 
69.7 


32 
Gc 
72,6 


33 
As 
74,9 


34 
Se 
79,0 


36 
8r 
79,9 


36 
Kr 
83,8 


40 
2r 
91.2 


41 

1Mb 
92.9 


42 

Mo 
95.9 


43 
Tc 
(99) 


44 

Ru 
101.0 


45 
Rh 
102.9 


46 
Pd 
106.4 


47 
Ag 
107.9 


48 
Cd 
112.4 


49 
In 
114,8 


50 
Sn 

118.7, 


51 
Sb 

121,8 


52 
Te 

127.6 


53 
1 

126.9 


54 
Xe 

131,3 


72 
i Ht 
\178.5 


73 
Ta 

180.9 


74 
VV 
183.9 


75 
Re 
186.2 


76 

Os 

190.2 


77 
Ir 

192.2 

I 


78 
Pt 

195.0 


79 
Au 
197.0 


80 
Hg 
200.6 


81 
TI 
204.4 


82 
Pb 
207,2 


83 
Bi 
209.0 


84 
Po 
(210) 


85 
At 

(210) 


86 
Rn 
(222) 



Actinium series 



58 
C-- 
14G.1 


1 

59 ; 60 
Pr 1 Nd 
i40.9 1 144.2 


61 
Pm 
(147) 


62 
Sm 
150.4 


63 
Eu 
152.0 


64 
Gd 
157.3 


65 
Tb 
158.9 


66 
Dy 
162.5 


67 

Ho 

164,9 


68 
Er 

167,3 


69 
Tm 
168.9 


70 
Yb 
173,0 


71 
Lu 
175,0 




90 
Tn 
232.0 


91 
Pa 

»2j1) 


92 

U 

238.0 


93 I 9-1 
Np « Pu 
(237) 1 (242} 


9& 
Am 
(243) ■ 


9o 
Cm 
(247) 


97 
8k 
(247) 


98 
Cf 

(249) 


99 
Es 
(254) 


ICO 
Fm 
(253) 


101 
Md 
(256) 


102 
No 
(253) 


103 
Lw 
(257) 



ORDER OF FILLING OF ELECTRON ORBITALS 
1 2 3 4 5 6 7 



s 




N.B.: Orbitals 4f and 5d lie very close 

together and in certain atoms their 
order is reversed « The sane is 
true of orbitals 5f and 6<1^ 
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OBJECTIVES 



Upon completion of the ILS Chem Pac on Atomic Structure 
and Periodicity the student should be able to 



1* Atomic Theory & Structure 

A, Given a list of various statements, identify postulates 
of the modern atomic theory and identify cheractistics 
of the various atomic particles. 

Given the symbol of an element with its atomic number 
and mass number, determine how many neutrons, protons, 
and electrons there are in one atom of the element 
and the arrangement of the electrons for 5 out of 6 
such elements. 



2, Mole Concept 

Given the name or formula of a substance, with the 
aid of a Periodic Chart, calculate the molecular weight 
of the substance — or given the mass or volume of the 
substance tmder these conditions, calculate the number 
of moles of the substance or vice versa~correctly 
calculating 9 out of 10 such problems. 



3, Periodic Chart 

With the aid of a Periodic Chart, distinguish between 
pairs, such as the following, and name at least one 
example to substantiate this distinction: 

a. mass ntunber and atomic number 

b. proton and neutron 

c. metal and non-metal 

d. group and period of the Periodic Chart 

e. representative element and transition element 



answering 9 out of 10 questions about the Periodic Chart • 



ILS Chem Pac 3 - Atomic stxuctiire and Periodicity 

[or "What's It Made Of?"] 



Reading 1.1 



- Read pages 18-34 in Medeiros, 

pag'3S 24-32 in Sackheim & Schultz, and 
pages 22-34 in Holum. 
Notes : 



According to the atomic* theory, the nucleus of an atom 
contains the protons and neutrons while the electrons are 
located outside the nucleus. To determine the number of 
these particles present in any given atom, the following 
rules are observed: 

1. The number of protons in the nucleus, by definition, 
is always equal to the atomic number of the element. 

2. The number of electrons is always equal to the 
number of protons since atoms are electrically 
neutral . 

3. The number of neutrons is equal to the difference 
between hht- atomic number (protons) and the atomic 
weight or mass number (protons plus neutrons). 

For example, take hydrogen, symbol H, atomic number 1, 
atomic weight 1. The atomic number is 1 , so there must be one 
proton (rule 1) and one electron (rule 2). To determine the 
number of neutrons, we take the difference between the atomic 
number [1] and the atomic weight [l] which is zero (rule 3). 
Ordinary hydrogen is the only element without any neutrons. 

Now let's take Helium, symbol He, atomic nxamber 2, atomic 

weight 4. Since the atomic number is 2, there must be (1) 

protons in the nucleus and (2) electrons outside the 

nucleus. The difference between the atomic nximber [2] and the 

atomic weight [4] is 2 so there must be (3) neutrons in 

the nucleus. 

A more complicated example is sodiiam, symbol Na, with an 
atomic number of 11 and an atomic weight of 23. There must be 

(4) protons in the nucleus and (5) electrons 

outside the nucleus and (6) neutrons in trie nucleus. 

In looking at your Periodic Chart you have probably noticed 
that while most of the atomic weights are nearly whole nxambers, 
some of them are not. This is due to the presence of isotopes. 
By definition, isotopes are atoms of an element with the same 
atomic number but different atomic weights. Since the atomic 
numbers are the same, the elements must have the same number of 



6 



ERIC 



- 2 - 



protons and electrons. Since the atomic weights are different, 
the nximber of neutrons must be different in each case. For 
example, chlorine, symbol CI, atomic number 17, and atomic 

weights 35 and 37. Each isotope must have (7) protons 

and (8) electrons since the atomic number is 17. Since 

one isotope has an atomic weight of 35, it must have (9) 

neutrons while the isotope of atomic weight 37 must have 
...... (10) neutrons. 

This brings us to the arrangement of the electrons. The 
electrons occur in energy levels around the nticleus. Each 
energy level can contain a maximum number of electrons and no 
more. The first level can hold a maximum of 2 electrons. It 
can contain 1 electron or 2 electrons but never more than 2. 
The second energy level can hold any number of electrons up to 
8 but never more than 8. The third energy level can hold up 
to 18 electrons. See your textbook for a detailed description 
of the orbitals found in the various energy levels (spdf 
notation). A few examples follow. Hydrogen, atomic number 1, 
has only 1 electron which must go into the first energy level. 
Helium, symbol He, has an atomic number of 2, so it has 
(11) elv^ctrons in the first level. 

Lithium, symbol Li, atomic number 3, has 3 electrons. The 
first energy level can hold only 2 electrons so the third must 
go into the second energy level which is indicated by 2,1. 

Fluorine, symbol F, atomic number 9, has (12) electrons 

outside the nucleus (13) of these go in the first 

level and the remaining ^(14) go- in the next energy level. 

Magnesium, symbol Mg, atomic number 12, has the electron 
arrangement (15). 

The answers to Reading 1.1 are: 



Self -test 



1. 2 


6. 12 






11. 


2 


2. 2 


7. 17 






12. 


9 


3. 2 


8. 17 






13. 


2 


4. 11 


9. 35 - 


17 


= 18 


14. 


7 


5. 11 


10. - 


17 


= 20 


15. 


2, 


o 












Sackheim 


& Schultz: 


P- 


35, #1 







8, 2 



If you missed more than one answer in Self-test 1.2, 
take the NO route (CAI 1.3). 
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CAI 1.3 



- STRUG - Elementary Atomic Structxire 



- This module provides drill in identifying the atomic 
structure of selected neutral atoms. Given two of the following 
parameters: symbol of the element, mass number, number of 
protons (or atomic number), electrons and/or neutrons—you 
identify the other parameters of the given element. A total 
of 15 such questions are presented. 

Date Completed: 



CAI 1.4 



- ATOM - Atomic Structure 



Nin«; initial questions based on atomic structure, electron 
distributions, use of the periodic chart, Lewis electron-dot 
diagrams and electronegativity of which six or more must be 
answered correctly. Otherwise seven more similar questions are 
presented. 

Figures 1-10 and 26-34 (following pages) will be needed 
to answer some questions in this module. 

Ten initial questions .. .of which seven or more must be 
answered correctly. 

You should have a Periodic Chart available when you take 
this module. In responding with the spdf notation for a given 
element, separate each orbital with a dash (-). Examples 
Beryllium (Be) is Is2-2s2. 



Date Completed: 




CAI 1.3 and/ or CAI 1.4 will also count as Self -test 1.5. 
Xxx CAI 1.3 you should correctly answer 13 out of 15 questions 
and in CAI 1.4 you should correctly answer 6 out of 9 questions. 



Conference 




If you are still having difficulty with atomic theory and 
structure, please see your instructor. 



Date: 
Notes ; 
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Figure 1 
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• 
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Figure 



I. .Sn 



2. Sn^ 
>4 3. 



4. Sn 



+ 2 



S Sn 



Figure 3 
I. :Br:' 



3. :Br. 



••a;c :ai 



2. Br 



4. Br 



■^1 



5. -Br. 



Figure 4 
a-C'CI :ci: 
4. CI •9J' 'O' 



:C*i: 
;c : 
•'Ci: 



C|JC:CI 

• • 

CI 



•a:c:ci • 
!ci: 



Figure 5 



Figure 6 



I. H 
H.N» H 

4 H 

h:n:h 



2. H 
H:N:h 

3. :H: 
„ •• •• 

:h:n:h: 



H 



H 



•►I 



H-N-H 
H 



•H»N«H 



3. H*' 
H 



2. :h:*' 
:h:n:h: 

k H *l 
H:n:H 
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H 
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Figure 7 



2. :0:C!0» 



4. :o'. 
:C' OS 



I. :o:: c;:o: 



3. 'Or :c::o» 



5. :o: 
•• 

:c::o: 



Figure 9 



Z h: s 

H 

4. H • S • 

H 



I. :h: s:h: 

•• 

3. h:-'s::h 
5. H • s : 

H 



Figure 8 

2. ci:ci 



I. :ci.ci: 

2i: ic'i.-ci*. 



4. -a-ci' 



5. Ci::ci 

•• •• 



Figure 10 



2. :a: 

• • • 

:CI -P-g: 

4. .'Ci: 
:ci::p:;ci; 



I. c; 

3 :a I 
:cj:p:a: 

5. C! 

c i:p:ci 



1. [Ar] 3d^f+ 3d t+ 3d ti USti 

X y Z 



Figure 26 



2. [Ar] 3d f+3d + 3d + 3d f 3d f US+i 
X y z xy yz 



3, [Ar] 3d f+ 3d it 3d it 3d 3d USi^i 
X y z xy yz 



Figure 27 



4. [Ar3 3d^ff 3d ++ 3d ++ 3d 3d 

X y z xy yz 

1. [ArJ 3d f + 3d„++ 3d^f + 3d + 3d US+i 

y z xz yz 



2. [Ar] 3d f+ 3d +i 3d^+ 3d + 3d + 4S 
^ y z xz yz 



3, [Ar] 3d_.f+ 3d^++ 3d^ + + 3d +i 3d 4S + 
X. y z xz yz 



4. [Ar] 3d^++ 3d,+* 3d ff 3d + 3d USff 

y z ,<z yz 
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Figure 28 



Figure 29 



Figure 30 



Figure 3 1 



1. LArJ 3d^f+ 3dyf* ^d^ti ^^xy^ ^^yz^ 



2. [Ar] 3d 3d f+ 3d t+ 3d t+ 3d US f+ 

X y z xy yz 



3. [Ar] 3d ft 3d ft -3d ++ 3d ++ 3d„, - US ff 
X y z xy yz 



U. [Ar] 3d^t+ 3d„+t 3d,t+ t+ 3d^^ + + US+f 

X y z xy ' yz 

1. [Ar] 3d^h 3dyt» 3d^ti 3d^yt» Sdy^ t US tl 

2. [Ar] 3d^tt 3dy tt 3d^tt 3d^y 1 1 3dyjj 1 1 4s t 

3. [Ar] 3d^U 3dyti 3d^ti 3d^yti Sdy^ti Its t 



U. [Ar] 3d^tt 3dytt Sd^tt Sd^^ytt 3dyjjt Us 1 1 
1. [Ar] 3djjft 3dytt 3d2»» ^^xy" ^^yz^' 



2. [Ar] 3C,^ti 3dyti 3d2ti Sd^ytt Sdy^ti Us « 



3. [Arl 3d," 3d„«« 3d,tt 3d,„tt 3d„_tt Ust 



4. [Ar] 3djj«» 3dyti 36^U 3A^yU ^d^^U hsU 

1. [Ar] 3i^U 3dyt» 3d^ti 3d^yt I Sdy^t i Ust I Upt I 

2. [Ar] 3d^tt 3dytt 3djtt 3d^yt t 3dy^tt Ust t Upt 



3. [Ar] 3d^tt 3dytt 36^r\ 3dj^ytt 3dyjt t Ust t 3ft 



U. [Ar] 3dj^ti 3dyti 3d^ti 3d^yt i 3dy^t i USU 3ft 



5. [Ar] 3dj^tl 3dyt» 3djti Sd^ytl 3dyjt i Ust* Upt 
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Figure 32 



1- [Ar] 


3d,t, 


3dyt, 


3d^ti 








4p t 

y 






2. [Ar] 


3d,t, 


3dyV. 


3d^ti 


^"xy' • ^-'yz 












3. [Ar] 




3dytt 


3d^tt 


^^xy" 3dy^ 


tt 4stt 










[Ar] 
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Figure 33 
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3<^yz^* 


4st i 


4p^t 
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Figure 34 
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- Read pages 34-36 In Medelros and pages 79 & 80 In Holtun. 
Notes: 



The concept of a mole is a very useful convenience in 
chemistry. It is not* practical to work with the weight of a 
single atom or molecvile because it is so small. Consequently, 

chemists have defined a mole of a substance to be that quantity 

— 23 
of a substance which contains approximately 6 x 10 particles 
of the substance. This number is called Avogadro's number. 
The weight of an element in grams that corresponds to its 
atomic weight is often called a gram-atom, although the term 
mole may also be used in this context. One gram-atom of 

23 

oxygen therefore weighs 16 grams and contains 6 x 10 atoms 
of oxygen. The weight of a substance in grams which is equal 
to its molecular weight or formula weight is referred to as 
a mole of the substance. Qne mole of oxygen weighs 32 grams 
because the molecular or formula weight of oxygen (O2) is 32. 

To apply these concepts in a more general setting, 
consider the problem of finding the weight of one mole of 
professors. How many professors would there be in one mole? 

23 

Yes, this would be 6 x 10 professors, which is a 
lot of people, even with a population explosion. If the 
average weight per professor was 60 kg, what would be the mole 
weight (weight of one mole) of professors? * You 

should have rounded your answer off to two significant figures 
Cthe average weight per professor is given to only two figures). 
In scientific notation the answer is ^ 10^^ kg/mole. 
This is a mass of professors equal to approximately six times 
the total mass of the earth. 

Now let us turn the problem around. Assume the total 
weight of professors in the United States ^ ^® 1.3 x 10^^ kg 
and that the mole weight of a professor is ^ 10^^ kg/mole 

and that the average weight per professor is 60 kg. Calculate 
the population of the United States in professors and moles. 

Write out your answer n before reading the next paragraph. 

^^^^^^^^ professors and ^......^^^^^ moles of professors 

8 —16 
If you found there were 2.2 x 10 professors and 3.6 x 10 

moles you are right. How did we get these numbers? First we 

divided 1.3 x 10^^ kg of professors by 60 kg per professor and 
found the population in professors.. Next we divided the weight 
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of professors (1,3 x 10^^ kg) by the weight of one mole of 
professors to get the nvunber of moles of professors 

it is obvious that moles is not a convenient unit to use when 
working with professors. But, how about atoms and molecules 
in chemistry? 



A container of liquid water weighs 180 g. Calculate the 
sr of moles of water 
problem is 10 moles 
water which is 18 g/mole< 



number of moles of water (H2O) in this container. The answer to 
this problem is 10 moles — based on the molecular weight of 



Self-test 



0 



Calculate the number of moles in 

1, 30 g of calcium 

2. 12 g of helium 

3. 6 g of carbon 
How many atoms are there in 

4, 40 g of calcixim 

5, 12 g of helium 

6. 6 g of carbon 

How many grams of each of the following elements are 

23 

needed to obtain 3 x 10 atoms of the respective element? 
?• hydrogen 

8. sulfur 

9. oxygen 
10. magnesium 



If you missed more than one problem in Self -test 2.2, 
follow the NO route (CAI 2.3), 
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CAI 2.3 



- MOLEl - The Mole Concept 



Introductory module on the mc^e concept in which the 
following non-chemical reaction type problems are presented: 

1. What is the mole weight of x? 

2. How many moles of x are in y grams of x? 

3. How many grams of x are in y moles of x? 

4. What is the volume of y moles of a gas at STP? 

5. How many moles of a gas are in z liters (at STP) 
of the gas? 

6. How many grams are in z liters of x gas at STP? 

7. How many liters (at STP) are occupied by y grams of x; 

8. What is the mole weight of a gas if y grams occucjy 
z liters at STP? 

9. A gas has a density of y grains per liter at STP; 
what is its mole weight? 

Since the computer cannot type subscripts or lower case 
letters, the formulas of compounds are written in all capital 
letters and subscripts are written on line. Example: AlCl^ 
would appear as AI^CLB. 

Date Comoleted: 




Self-test < 2.4 



CAI 2.3 will also count as Self-test 2.4. You should 
answer 4 out of 5 problems presented in serial order. 



Conference 



0 



If you are still having difficulty with the mole concept 
at this point, please see your instructor. 

Date: 

Notes : 
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[Reading 3*1 



- Read pages 74-101 in Medeiros, 

pages 33-34 in Sackheim & Schultz# and 
pages 35-38 in Holum. 

The Periodic Chart contains a great deal of useful 
information for the chemist. There is a square on the chart 
for each element and this square contains information about 
the. element. The atomic number is located in the upper part 
of the square and the atomic weight is directly below the 
symbol of the element which is the large letter (s) in the 
center of the square. On some charts, the color of the 
symbol designates the state of the element at room tempera ture- 
a black symbol means a solid; a blue symbol, a liquid; and an 
orange symbol, a gas. 




At the top of the chart are the Roman numerals I to VIII 
which designate the group numbers o Group la contains the 

elements H, Li, Na, K, etc. and Group Vila contains 

(1). The horizontal rows are called periods. The 

elements in period 2 are Li, Be, B, C, N, 0, F, and Ne. The 

elements in period 3 begin with ...... (2) and (3) and 

end with ...... (4) . 



If you write the electron arrangemant of the metals in 
Group la (see Reading 1.1) you will note that all of these 

elements have (5) electron(s) in their outer energy 

level. This electron can be transferred very easily which 
gives these elements a valence or oxidation number of +1. In 
a similar manner, the elements in Group Ila all have a valence 
or oxidation number of (6). In Group Vila are the non- 

metals which all acquire one electron to complete their outer 
energy levels, so they have a valence or oxidation number of 
-1. Generally speaking, then, for metals "the group number is 
the same as the valence or oxidation number" and for non-metals 
"the group number minus eight gives the valence or oxidation 
number." In sor.*e groups, more than one type of valence is 
possible.. The metals are located on the left side of the 
heavy line on the chart while the non-metals are located on 
the right. 

The groups ire also divided into A*s and B»s. For example 
Group lb contains the elements Cu, Ag and Au while Group lib 

contains the elements (7). The "A" group 

consists of the normal elements while the "B" groups contain 
the transition elements — elements whose inner energy levels 
are being filled with electrons. Transition elements have more 
than one valence because they can lose electrons from an inner 
energy level as well as from the outer energy level. 
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The periodic law states that "the properties of the 
elements are a periodic function of their atomic nximber." 
This means that certain elements exhibit similar properties, 
and that these .similarities occur periodically • Thus, Li 
(atomic number 3) is very similar to Na (atomic number 11) 
which is similar to K (atomic number 19) • Likewise^ F [atomic 

number (8)] is very similar to (9) [atomic 

n\amber 17] which is similar to (I0a)[ atomic number 

(10b)]. 



Conference 



0 



If you are still having difficulty with the use of the 
Periodic Chart, please see your instructor. 

Date: 



Notes : 



N ^EXAM ^ 

ILS Pac 3 will consist of 10 questions. 

Objective la - Atomic Theory - 2 questions 

Objective 2b - Atomic Structure - 8 questions 

Objective 3 - Mole Concept - conference and Pacs 4-6 

Objective 4 - Periodic Chart - conference and Pacs > 4-6 

See ILS Pac 0 (Student Directions) for Grading System 
Equivalents. Please remember that although the EXAM is 
necessary for a grade it may not be sufficient. You may 
also be asked to have a final conference with your 
instructor. 



^^O^E^NCE^ 



Date: 

Notes : J ^ 



EKLC 



SUPPLEMENTARY MATERIAL 

Objective 1 -Atomic Theory & Structure 

Filmstrip-Tape #851: Electron Configurations and 

Orbital Diagrams 

Objective 2 - Mole Concept 

Program-Tape #3: Mole and Molar Weight 
Objective 3 - Periodic Chart 

Audio-Tape: Mendeleev and The Periodic Table 

Filmstrip-Tape #852: Atomic Structure and 

The Periodic Chart 



18 



14 - 



ANSWERS 



Self- test . < 1.2 




element #protons # neutrons #electrons 



N 
Be 
F 
S 

Ne 
Si 



7 
4 
9 

16 
10 
14 



7 
5 
10 
16 
10 
14 



7 
4 
9 
16 
10 
14 



Self -test 

1. 
2. 
3. 
4. 
S. 
6. 
7. 
8. 
9. 
10. 




0.75 moles 
3 moles 

0.5 moles 

23 

6 X 10 atoms 



3 X 6 X 10 

2 3 

J X 6 X 10^-^ 
0.5 grams 
16 g 
8 g 
12 g 



23 



= 1.8 X 10 



24 



atoms 



= 3 X 10 



23 



atoms 



Self-test 




3.3 



1. F, CI, Br, I, etc, 

2. Na 

3. Mg 

4. Ar 

5. 1 



6. 2 

7. 2n, Cd, Hg 

8. 9 

9. CI 
10a. Br 
10b. 35 



electron 
arrangement 

2, 5 

2, 2 

2, 7 

2, 8, 6 

2, 8 

2, 8, 4 



ERIC 
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